Mechanisms of cell cycle arrest by methylseleninic acid.
Methylseleninic acid (MSA) is a monomethylated form of selenium effective in inhibiting cell growth in vitro and experimental mammary carcinogenesis in vivo. MSA offers particular advantage in cell culture experiments because it is stable in solution and provides a monomethylated form of selenium that can be reduced by cellular reducing systems and released nonenzymatically within a cell. In the present study, MSA was used to elucidate the mechanisms of cell growth inhibition by selenium. These studies were performed using a mouse mammary hyperplastic epithelial cell line, TM6. MSA induced a rapid arrest of synchronized cells in the G(1) phase of the cell cycle. This effect was accompanied by a reduction in total cellular levels of cyclin D1. Whereas MSA had no effect on total levels of the cyclin-dependent kinase (CDK)4, the amount of CDK4 immunoprecipitated with cyclin D1 in MSA-treated cells was decreased as was the kinase activity of the immunoprecipitated complex. MSA did not significantly affect cyclin E or associated regulatory molecules. Treatment with MSA suppressed the hyperphosphorylated form of retinoblastoma (Rb) with a commensurate increase in the hypophosphorylated form. Levels of E2F-1 bound to Rb also were elevated. Levels of insulin-like growth factor-I receptor and phosphorylated Akt were reduced by MSA. It is concluded that MSA induces a G(1) arrest in the cell cycle. This effect may be induced by MSA via its modulation of insulin-like growth factor-I-mediated signal transduction leading to inhibition of Akt activation and limitation of cyclin D1-CDK4-mediated phosphorylation of Rb.